



























• Traditional activated sludge WWTPs do not have infrastructure capable of 
supporting advanced hydraulic selection as proposed in this study 
• Limited information is available on the costs, energy consumption, and long-term 
performance of hydraulic selection 
• Formation of aerobic granular sludge (AGS) treatment typically results in significant 
loss in nitrification 
• Biological samples from the 
decant and concentrate 
solutions were collected and 
analyzed under a phase 
contrast microscope 
• Filamentous bacteria were 
quantified using the 
Filamentous Index (FI)  
 
CAS TREATMENT IN NEED OF REINVENTION  
   
A majority of wastewater plants in the United States use conventional 
activated sludge (CAS) in their treatment process. While CAS is a common 
practice, it is not without faults. One of its drawbacks is the difficulty in 
maintaining the process, as it is often prone to bulking, which is caused by 
an undesired build up of filamentous bacteria and results in sludge that 
does not settle. Additional drawbacks include limited space for WWTPs to 
expand and the energy costs required for aeration during CAS treatment. 
Because CAS infrastructure is so common, optimizing this technology is 
crucial for the prevention of water pollution.  Some solutions for these 
problems have been developed including aerobic granulation, which allows 
the plant to have a smaller footprint; however, these advanced wastewater 
technologies are not easily implemented in existing WWTPs.  
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PROGRESS TO DATE 
Hydraulic Selection to Transform and Improve Activated-Sludge Based  
Wastewater Treatment   
RESEARCH HYPOTHESES 
H1: As poor settling floc are removed from the bioreactor by the hydraulic selector, 
the settling velocity of the activated sludge will increase while the sludge volume 
index (SVI) will decrease 
H2: By removing <14% solids during each decant phase, nitrification and 
denitrification can be maintained  
H3: As the hydraulic selector operates within the sequencing batch reactor (SBR), 
the number of filamentous bacteria present in the activated sludge will decrease 
•  Mines Park, Colorado School of 
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BARRIERS TO REINVENTION 
RELEVANCE AND IMPLICATIONS 
APPROACH 
• 2 L sample of activated sludge was collected from an operational SBR and placed 
within a 2.5 L acrylic container 
• Hydraulic selector constructed from 2 inch PVC pipe and was placed into the 
container and connected to a peristaltic pump 
• Various settling times and outflow rates, shown below, were tested to find optimal 
removal of poor settling solids 
• Settling Time [min]: 5, 10, 15, 20 
• Outflow Rate [mL/min]: 800, 400, 80, 40 
• 400 mL of decant from each experiment was collected, settling velocity was 
measured  
CONCLUSIONS 
• Hydraulic selection promotes faster settling of solids (Figure 4), the obtaining of 
which could decrease the required treatment time of CAS WWT. 
• The ability to maintain nitrification and denitrification suggests that incorporating 
hydraulic selection into AGS startup is advantageous to traditional methods. 
• By decreasing the number of filamentous bacteria in the activated sludge, bulking 
sludge becomes less likely to occur. 
Incorporating hydraulic selection into secondary wastewater treatment can 
have large implications in urban wastewater infrastructure by shortening 
the required treatment time in traditional WWTPs as well as offering an 
operational strategy that addresses issues of process stabilization namely 
the prevention of bulking sludge.  
Figure 3. Settling curves from four preliminary bench scale 
experiments showing similar solids removal.  
Figure 1. Schematic drawing of a SBR system 
fitted with hydraulic selectors  
Settling Velocity Increased, Solids Increase, Nitrogen 
Stabilization, and Filamentous Decrease  
•   Figure 3 demonstrates the flexibility of hydraulic selection in that similar settling 
velocities can be achieved using various settling times and outflow rates. The 
figures display the optimal settling that occurred in the bench scale experiments. 
MOVING FORWARD 
• Continue collecting data to study long-term performance of hydraulic selector and 
optimum selection parameters during startup and daily operation 
• Run a control experiment in parallel with hydraulic selector experiments  
• Evaluate transmembrane pressure of hallow fiber membranes during the treatment 
of decanted solution  
• Conduct cost and energy analysis for incorporating hydraulic selection into CAS 
WWTPs 
OBJECTIVES 
1.  Develop a technology and operational strategy through the use of hydraulic 
selection that will improve activated sludge-based wastewater treatment plants 
2.  Promote the rapid formation of aerobic granules through the use of hydraulic 
selection to enable faster settling of sludge 
3.  Provide insight into the mechanisms of aerobic granule formation 
Bench Scale 
Mini Pilot Scale 
• Two 8 inch hydraulic selectors were installed into 
a 30 gallon conical SBR tank similar to that 
depicted in Figure 1 
• The SBR operated at the cycle described in Table 
1, with a 30% exchange ratio 
• 1 L samples of the mixed activated sludge, decant 
solution, and concentrate solution were tested for 
settling velocity and total suspended solids  
• Sludge volume index was additionally measured 
from the mixed activated sludge 
Microbial Analysis 







Table 1. SBR system cycle 
Optimum Settling Period and Outflow Rate 
Figure 4. Settling velocities of mixed 
activated sludge in mini pilot scale 
experiments 
Figure 5. Mixed liquor suspended solids 
(MLSS) and sludge volume index (SVI) in 




























































































Settling: 20 min, Flow rate: 800 mL/min 
A B 
D C 
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Figure 6. Ammonia and Nitrate 
concentrations in mini pilot scale 
experiments 
• By removing poor settling floc with the hydraulic selector, the settling velocity of the 
activated sludge increased with time until the selector could no longer remove any 
more light settling floc due to outflow velocity restriction  (Figure 4) 
• SVI decreased while MLSS increased demonstrating that more dense flocs were 
produced due to the incorporation of hydraulic selection (Figure 5) 
• Nitrification and denitrification were maintained throughout the mini-pilot scale 
experiment, which is uncommon in traditional AGS start-up (Figure 6) 
• The FI decreased in concentrate solutions over time, proving a decrease in 
filamentous bacteria in the activated sludge (Figure 7) 
• The operational 
times for Fig. 3C 
and 3D are >15 





•  Due to its short 
operational time 
and ability to collect 
light floc, a 5-
minute settling time 
with a 10-minute 
outflow time, similar 
to Fig. 3A, was 
selected to operate 
in the mini pilot 
scale 
 
Figure 7. Filamentous Index of the 
concentrate solution in mini pilot scale 
experiments. Phase contrast images of 
the concentrate at T0 and T17 are seen in 
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